Abstract-A new pulse wave velocity (PWV) measurement system has been developed using a novel multi-element tonometry carotid sensor combined with a heart sound sensor. In this system, PWV is derived from the time lag between the second heart sound (S2) obtained from the heart sound sensor and the dicrotic notch in the carotid pulse waveform, and the physical distance between the heart and the neck. We assessed the accuracy of the system in an animal model. The study was divided into two groups: in Group I the tonometric sensor was directly applied to the exposed artery, while in Group II the sensor was applied over the skin and subcutaneous tissues covering the artery. To examine the delity of the dicrotic notch, the ejection time with the tonometry sensor was compared with that obtained from the intra-arterialcatheter measurement. The correlation coef cients between them were 0.99 in both groups. The bias error (de ned as the mean of the differences between the tonometry and the catheter measurements) §2SD was 0:13 § 1:45 ms in Group I and 0:16 § 1:64 ms in Group II. These results con rmed that the arterial wall, subcutaneous tissue and skin did not affect the accuracy of the dicrotic notch delity. The reproducibility of the system was assessed in 18 human subjects. The 2SD of intraobserver and interobserver reproducibility of the S2-carotid PWV measurement were 0.54 and 0.38 m / s, respectively, demonstrating high reproducibilityof the measurement. From a clinical point of view, the S2-carotid PWV was compared with the aortic PWV. The bias error §2SD between the two measurements was ¡0:14 § 3:24 m/ s with the correlation coef cient being 0.73. Although the S2-carotid PWV may not replace the aortic PWV directly, we believe that the S2-carotid PWV with the new system may become a new clinical parameter for early detection of cardiovascular disorders such as cerebrovascular diseases.
INTRODUCTION
For early diagnosis and prevention of arteriosclerosis -one of the greatest social -medical issues today -the levels of arterial stiffness are required to be accurately and non-invasively determine. Furthermore, the measurement system must be simple and as easily applicable as a manometer or a thermometer.
The velocity of a pulse wave propagating in the artery is known as the pulse wave velocity (PWV), which is useful to diagnose the progression of arteriosclerosis [1, 2] since it is known to change with the alteration in the elastic property of the artery [3, 4] . Generally, PWV is calculated from the time lag between the arterial pulse waves arriving at the carotid and femoral arteries and the physical distance between the measurement sites [5, 6] . It is expected to be useful for the early diagnosis and prevention of arteriosclerosis, provided that PWV is assessed noninvasively and accurately.
One of the reasons why PWV has not attained general clinical applicability today is that in the current system the measurement is made from the femoral artery. The femoral artery is not desirable as a measurement site, because it requires complicated and time-consuming procedures, and the patient has to undress to expose the groin. To solve this problem, we have developed a simple PWV measurement system using a carotid pulse waveform sensor combined with a heart sound sensor. In this system the PWV was calculated from the time lag between the second heart sound (S2) and the dicrotic notch (the time of aortic valve closure) detected from the carotid pulse waveform in combination with the physical distance between the heart and the neck. However, in this method, due to a short distance from the neck to the heart and unclear dicrotic notches in the carotid pulse waveform, measurement errors might become signi cant and thus mask the physiologically signi cant information behind the noise.
We approached this technical issue by designing a multi-element carotid tonometry sensor with high accuracy. Using this sensor, we have developed a non-invasive carotid -femoral PWV measurement system [7, 8] . We noticed that the dicrotic notch of the carotid waveforms measured with the tonometry system was clear, as in invasive measurement. The new carotid sensor [8] is a modi cation of the multielement tonometry sensor [9 -11] which has been applied to obtain highly accurate pulse waves from the radial artery [12] . In this paper, the S2-carotid PWV measuring system and its validation studies are described. Firstly, the accuracy of the new carotid sensor was assessed in an animal model. Then, the reproducibility of the S2-carotid PWV system was examined in 18 healthy human subjects. Finally, from a clinical point of view, the S2-carotid PWV was compared with the conventional carotid -femoral PWV, which is called the aortic PWV, in 67 normotensive and untreated hypertensive subjects.
